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Process for the manufacturing of the polymer compensation layer for LCD 
optical light shutter and the construction thereof 



The object of the present invention is a process for the manufacture of 
optically negatively birefringent compensation layers, based on the controlled 
spontaneous deformation of the polymer macromolecules during the 
polymerization process, as well as the construction of an optical light shutter 
utilizing such a compensation layer. 

The technical field, dealing with this invention, is the compensating for the 
angular dependence of the^ intensity of the transmitted light in optical 
apparatus equipped with liquid crystal light shutters. In the following text, the 
liquid crystal shall be denominated LC (Liquid Crystal). 

The technical problem, solved by this invention, is the enlargement of the 
viewing angle, and the compensation of the angular dependence of the 
transmitted light intensity in the liquid crystal shutter elements respectively, 
either in autonomous elements in LCD (Liquid Crystal Display), or as 
components of optical apparatus comprising liquid crystal filters. More 
precisely, there is involved the compensation of LC optical light shutters, 
which function on the principle of electrically controlled birefringence, and are 
employed for modulating the intensity of the incident light in protective/safety 
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devices, such as LCD protective filters in welding helmets, in optical systems 
of laser welding devices, and the like. The present invention enables the 
angular compensation of such a shutter in a typically closed state, in which 
the liquid crystal molecules are homeotropically aligned. This invention 
solves the problem of manufacturing a negatively birefringent compensation 
layer, which has the optical angle oriented perpendicularly with respect to the 
surface of the optical light shutter, that is parallel to the homeotropically 
oriented molecules, as well as the construction and the manufacture of a LC 
electro-optical shutter element, utilizing such a compensation layer. 

The basic principles and natural laws, applied in the claimed process for the 
angular compensation of LC light shutters, which is the object of the present 
invention, are well-known and disclosed in several patents, such as Clerc et 
aL US 4,001,028; Yamamoto et aL US 4,984,874; Bos US 5,187,603 and the 
like. Hitherto, there have been developed several successful technical 
solutions for the manufacture of compensation layers for LCD optical 
shutters. 

The first successful solution (#1) of the above mentioned technical problem 
was disclosed in 1989 by Uchida of the Tohoku University (Uchida et aL SID 
89 Digest, p 378-381), and in 1991 by Clerc of the Stanley company (SID 
Digest 91 p 758-761; US 4,889,412; US 5,298,199). Both solutions were 
based on the two-dimensional mechanical deformation or stretching 
respectively, of certain thermoplastic polymer materials during the thermal 
cycling through the glass phase transition. A few years later, a functionally 
similar result was achieved by Eblen et aL from the Rockwell Company (SID 
94 Digest p 245-248; US 5,196,953) with the use of multi-layer thin-film oxide 
filters exhibiting negatively birefrigent properties. 

A new, technically highly interesting approach (#2) was developed by Harris 
and Cheng at the Akron University, USA, and somewhat later by Shin-Tson- 
Wu from the Hughes company, USA (J.Appl. Phys. 76, 10, 1994; SID Digest 
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94. p 923-926; US 5,344,916; US 5,580,950; US 5,480,964). They disclosed 
that by means of centrifugal deposition of a thin layer of preimidized 
polyimides the long molecular segments were preferably oriented in the 
plane of the deposited layer, resulting in strong negatively birefringent 
properties of such layers, which represent an inexpensive and technically 
relatively simple solution of the above described technical problem. 

By all means, there also merit attention several technical solutions developed 
for computer terminals (#3) in companies, such as Nito Denko (Fujimura et 
al. SID Digest 91. p. 739, SID Digest 92, p 397-400; US 5,245,456, ...), 
Sumitomo (Nakamura et al. US 5,061,042, ...) and (#4) Fuji Film (Mori et al., 
US 5,559,618; Mori etai, Display and Imaging 5, p 1 (96); Kamata et al., US 
5,646.703; Mori et al. US 5,583,679) and Akzo Nobel (Picken et al. US 
5,382.648; US 5,525,265,...). The companies Nito and Sumitomo (#3) 
developed a multi-layer compensation film based on a one-dimensional 
deformation or stretching respectively; the Fuji company (#4) developed a 
polymeric discotic liquid crystal compensation sheet, the optical 
compensation properties of which could be altered with respect to the 
viewing/observation angle of the computer monitor; the Akzo Nobel company 
(#4) developed polymeric holesteric liquid crystal compensation films on 
various polymers, which were ideally adapted for the angular compensation 
of STN computer monitors. AH above-mentioned solutions are primarily 
intended for the angular compensation of the contrast in multi-plexially 
monitored LC monitors, in which the homeotropic orientation of the LC 
molecules in the selected pixel is not entirely feasible. For this reason, such 
solutions are neither technically nor economically appropriate for the above- 
mentioned technical problem, that is the angular compensation of LC optical 
light shutters, operating on the principle of electrically controlled 
birefringence, in a the state with highly homeotropically aligned LC 
molecules. 
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principles for the solution of this problem. The suggested solutions are based 
on the utilization of at least two additional birefringent layers sandwiched 
between the LC cell, and the input and output polarizers. K. Ohmuro et a/., 
Fujitsu company, Japan. (SID'97, 1, p 845) show that the problem is quite 
successfully solvable by the utilization of three birefringent layers, two of 
which are negatively birefringent, and have a fast optical axis oriented 
perpendicularly to the liquid crystal layer plane (parallel to the 
homeotropically oriented LC molecules), and one of which is positively 
birefringent and has the optical axis oriented parallel to the liquid crystal layer 
plane (perpendicularly to the homeotropically oriented LC molecules!). The 
majority of other authors, such as H.Mori, P.Bos (IDRC97, p M-88), J.Chen 
et a/., Samsung company, Korea (SID'98 Digest, p 315), devise their 
technical solutions on the utilization of effectively two additional negatively 
birefringent layers, one of which has the fast axis parallel to the polarization 
axis of the analyzer, and causes a relative phase delay between the ordinary 
and the extraordinary rays for 1/4 of the light wavelength, and is 
denominated X/4 plate. The combination of such a XI A plate, oriented in the 
above manner, with a correspondingly thick additional birefringent plate 
exhibiting an optical birefringence with the same sign, and an optical axis 
oriented in perpendicular direction with respect to the liquid crystal layer, that 
is parallel to the homeotropically oriented LC molecules, significantly 
improves the angular dependence of the light attenuation in crossed 
polarizers. 

Although there is a slight similarity with respect to the deformation of the 
otherwise isotropic polymeric molecules, the claimed technical solution 
differs significantly from the hitherto optimal state of the art solutions: 
-Solution #1 Group: Uchida, Stanley,... 

- Solution #2 Group: Harris and Cheng, Hughes,... 

- Solution #3 Group: NITO Denko, Sumitomo Chemicals... 

in the procedure applied to achieve the corresponding deformation of the 
polymer molecules. 
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Uchida. Stanley (#1) and Nito as well as Sumitomo Chemicals (#3) employ 
the principle of two- or one-dimensional stretching of a preformed, that is a 
polymerized thermoplastic polymeric sheet. On the other hand, Harris and 
Cheng and Hughes (#2) utilize the method of alignment of long molecular 
segments by means of a specific method of deposition of a prepolymerized 
polymer solution, such as the deposition of a preimidized polyimide on a 
rotating plate. 

The present invention is based on the utilization of the volume contraction of 
the polymer during the very polymerization process, so that the monomer 
layer is during the polymerization in contact with the surface of at least one 
rigid flat plate, or is preferably sandwiched between two layers of thermally 
and mechanically stable, rigid materials, for example glass. In such a 
manner, strains are generated in the material in the plane, determined by the 
rigid boundary surfaces, and causing the corresponding deformation of 
otherwise isotropic macromolecules. Since this deformation of the 
macromolecules is effected during the polymerization process, the cross- 
polymerization permanently freezes the molecules in their deformed state, 
which is of the utmost importance for the long-term and thermal stability of 
the birefringent films, manufactured in such a manner. The term »freezes« 
should be interpreted in the sense of »hardens« or »becomes rigid« 
respectively. The very deformation of the macromolecules effected with 
cross-polymerization, endows the present invention with substantional 
advantages in comparison with hitherto known methods of stretching 
preformed that is polymerized polymeric sheets. The latter has been 
achieved by hitherto known processes either by means of a direct, more or 
less one-dimensional mechanical stretching, of the type utilized in the above 
mentioned technical solution #3 Group (Nitto, Sumitomo,...), or by means of 
a homogeneous, two-dimensional stretching of the thermoplastic polymeric 
sheet in the vicinity of the glass phase transition of the employed polymer, 
which is characteristic for the #1 Group of the above itemized known 
technical solutions - Uchida, Stanley The claimed process does not 
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obtained optically negatively birefringent layer can also act simultaneously as 
an optical contact adhesive, combining the individual subcomponents of the 
LCD optical shutter into a functional unity. 

According to this invention, the object is achieved in conformance with the 
appended claims. 

In the text bellow, the invention is exemplified and illustrated with the aid of 
drawings, representing: 

FIG. 1: a schematic depiction of a polymer macromolecule that is not 
deformed, and a macromolecule deformed according to the claimed process; 
FIG. 2: a schematic illustration of the process for manufacturing an 
optically negatively birefringent polymer layer by the employment of soft 
spacers, 

FIG. 3: a schematic illustration of the process for manufacturing an 
optically negatively birefringent polymer layer by employing a two-stage 
polymerization of the polymeric compensation layer, and hard spacers, which 
are removed prior to the second polymerization stage; 
FIG. 4: a schematic representation of the construction of an angularly 
compensated LC optical shutter, enabling the angular compensation of the 
birefringence of the LC layer 

a- exemplifying mechanically stable polarizers; 

b- exemplifying an additional glass plate, protecting the 
mechanically sensitive polarizers, 
FIG. 5: a schematic representation of the construction of an angularly 
compensated LC optical shutter, enabling the angular compensation of the 
birefringence of the LC layer, and the crossed polarizers. 

The solution suggested by this invention resides in the spontaneous 
deformation of the molecules of certain polymeric materials, such as 
polyurethanes, polycarbonates, various polymeric materials for plastic 
lenses, such as allyl-diglycol-carbonate (ADC), laminating materials for 
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polar.zat.on films, such as cellulose-aceto-butyrate (CAB), and cellulose- 
triacetate (TAC) etc., materials respectively. The deformation is caused by 
the volume shrinkage of the material during the thermally and UV triggered 
polymerization, under the provision, that during the polymerization the 
monomer layer is in direct contact with at least one rigid plate surface or is 
sandw,ched between two layers of rigid, thermally and mechanically stable 
materials, such as glass. 

Monomeric and prepolymeric materials, appropriate for this teohnioal 
solution, are especially those that by virtue of their chemical structure being 
already polymerized, during the linear stretching tend to become optically 
positively birefringent. having the main axis of the refractive index tensor 
that ,s the optical axis, oriented in the direction of the mechanical 
deformation, that is the stretching. 

During polymerization the polymeric mass adheres to the boundary surface 
of the ngid plate. The spontaneous volume shrinkage of the polymer during 
the polymerization results in the generation of mechanical strains in the 
material. This enables the free shrinkage of the material in the direction 
perpendicular to the polymeric layer plane (in the thickness direction) that is 
the axrs z, leaving only the strains on the polymer layer plane, which are the 
axes x. y; ,n the direction of the axis z. however, the mechanical strains are 
substantially diminished. These strains cause a deformation of the otherwise 
rsotropic molecules of the polymer, to become flattened in the z axis 
drrectron, and they become uniformly stretched in all directions in the x y 
Plane of the polymeric layer, as represented in FIG. 1. The employment of 
materials exhibiting the above-mentioned positive stretching characteristics 
yields an optically negatively birefringent layer. 

Triggering the polymerization at elevated temperatures can enhance the 
deformation of the macromolecules during the polymerization process. Thus 
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the differences between the thermal stretching of the polymer and the rigid 
boundary surfaces increase the deformation of the macromolecules. 

The selection of appropriate conditions for the technical procedure 
especially the thickness of the layer, the chemical composition of the 
boundary plate surfaces, the polymerization time-velocity profile etc 
endows the obtained polymeric layer with desired optical.y negatively 
b.refringent characteristics. These optical characteristics make possible the 
angular compensation of the intensity of the transmitted light for the 
homeotropicallv aligned LC molecular layer in the LC optical shutter which 
generally shows an optically positive birefringence. The appropriate selection 
of the thickness of the compensation polymeric layer enables the 
compensation of the angular dependence of the contrast/attenuation of the 
LC shutter. Thus, the optical thickness of the compensation layer, which is 
the product of the birefringence (An) and the thickness of the layer (d) -> 
(An poIyn , er x d polymer ), is equal to the optical thickness of the liquid crystal 
layer, that is the product of the birefringence and the thickness of the layer 
(An LC x d LC ). 

Owing to the three-dimensional shrinkage during the polymerization the 
complete process has to be performed in such a manner, that the strains are 
generated only in the x, y plane of the polymer compensation layer while the 
strains in the z direction (in the thickness direction), perpendicular to the 
surface, have to be minimal. The strains in the direction of the z axis can be 
averted by allowing the free variation of the thickness of the compensation 
layer, thus displacing at least one boundary layer in the direction of the z axis 
during the polymerization process. 



This can be achieved in several ways, in conformance with three basic 



ideas: 



With the utilization of soft spacers, easily deformable under pressure 
between the boundary surfaces of the polymeric compensation layer.' 
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by means of which the thickness of the prepolymer layer is adjusted 
prior to the polymerization, and simultaneously easily deformed by the 
action of forces generated by the shrinkage of the material during the 
polymerization, thus enabling a free shrinkage in the direction of the z 



axis. 



- By means of a gradual or multi-stage, preferably two-stage 
polymerization, wherein the thickness of the layer between two rigid 
boundary surfaces of the polymer mass (monomer and prepolymer 
respectively), is at the beginning adjusted by hard spacers, and the 
polymerization proceeds to the point only, at which due to the 
viscosity and the surface activity the leakage of the polymer mass is 
no longer possible. Then the rigid spacers ensuring the corresponding 
thickness of the polymer layer are removed, and the polymerization 
process is completed in such a manner, that it enables the 
unrestrained shrinkage of the polymer in the z direction perpendicular 
to the layer plane. 

- By pouring an appropriate prepolymer layer of controlled thickness on 
a rigid support thus enabling the unrestrained shrinkage of the 
thickness of the polymer layer in the z axis direction. The process for 
the polymerization of the prepolymer mass proceeds in contact with at 
least one boundary surface. 

The following Examples are working embodiments, describing the process 
for manufacturing a polymer layer exhibiting an optically negative 
birefringence, as well as the construction of the LC optical shutter per se, 
with the utilization of such a polymer layer for the compensation of the 
angular dependence of the light attenuation. 

Example 1 

A. Process for the manufacture of an optically negatively birefringent 
polymer layer 

a) Single-stage polymerization - soft spacers 
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A polymeric, negatively birefringent compensation layer is formed between 
two rigid boundary surfaces as represented in FIG. 2. The spacing between 
the boundary surfaces 1,2, preferably glass plates having a mutual distance 
equal to the thickness d, is filled up with the monomer or prepolymer mass 3 
respectively. Appropriate are monomeric or prepolymeric materials, which by 
virtue of their chemical structure, already in their polymerized form tend to 
become optically positively birefringent during linear stretching, having the 
main axis of the refractive index tensor, that is the optical axis, oriented in 
the direction of the mechanical stretching, for example a polyurethane-epoxy 
copolymer with a UV light activator. The spacing between the surfaces or the 
prepolymer layer thickness respectively, is determined by means of the 
spacers 4, the so-called soft spacers, manufactured in a separate process 
from an appropriate material, for example a silicone gel having appropriate 
dimensions and such a hardness as to remain undeformed at pressures 
resulting from the weight of the boundary plate having the surface 1, as well 
as the surface tension in the non-polymerized material layer. 

The layer is heated to an elevated temperature, for example 60°C to 80°C, 
and the resulting thermal expansion causes an additional increase of the 
strains, which are responsible for the deformation of the polymer 
macromolecules. An intensive, highly homogeneous UV light emitted 
preferably by a 300 - 1000 W light source, predominantly in the UV spectral 
domain, is employed to trigger the polymerization of the prepolymer mass 
layer 3 in FIG. 2, which is terminated in an appropriate period of time. During 
the very polymerization procedure the temperature of the polymeric layer 
may begin to decrease, so that the final cross-linking, that is the cross- 
polymerization, can take place in a more or less cool material. In the course 
of the polymerization, the volume shrinkage of the polymeric layer results in 
the generation of strains within the layer. The exertion of these forces causes 
the deformation of the soft spacers 4, and enables the unrestricted shrinkage 
of the polymer layer 3 in the direction perpendicular to the layer plane or in 
the direction of the z axis respectively, while the strains in the plane of the x.y 
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axes remain, owing to the adhesion on the surfaces of the rigid boundary 
plates 1.2. The polymer macromolecules thus acquire the typical 
deformation, as depicted in FIG.1. The cross-polymerization permanently 
»freezes« the molecules in their deformed state; this is of the utmost 
importance for a long-term and thermal stability of the birefringent polymeric 
films obtained in such a manner. 

The expression »freezes« is employed in the meaning of »hardens« or 
»becomes rigid« respectively. After the polymerization the rigid boundary 
plates are optionally removed. The obtained optically negatively birefringent 
polymer layer may be utilized as an autonomous optically negatively 
birefringent element in various applications. In superior articles, for example 
in protecting welding filters, which are predominantly multi-layer laminates 
made of different layers, such as infrared light reflectors, polarization filters, 
and the like, the boundary layers may be provided by the individual elements 
of such optical asssembly, and the above-described polymeric layer acts 
supplementary to the optical angular compensation of the homeotropically 
oriented LC molecules simultaneously as a bonding layer and as an opical 
contact. 



b) Two-stage polymerization - hard spacers 

The process is initiated as in Example a), except that the spacing between 
the plates having the surfaces 1,2, is determined by the hard spacers 5 in 
FIG: 3; in conjunction with the aperture 9 in the upper support 8 it enables 
the illumination of the prepolymer layer 3 with UV light. The polymerization is 
operated in two stages. The first polymerization stage is preferably activated 
at room temperature by means of a relatively weak UV light, advantageously 
provided by a 150 W light source 6 in the UV A spectral domain. The total 
visible area of the prepolymer mass layer 3 is illuminated as homogeneously 
as possible, and the illumination is interrupted immediately or within a few 
seconds after the viscosity reaches the level, at which it impedes in 
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conjunction with the surface tension the leakage of the partially polymerized 
mass. 

The termination of the first stage of the partial polymerization is followed by 
the removal of the hard spacers 5 ensuring the proper thickness of the 
polymer layer. Identically as in Example a), the layer is subsequently in the 
second stage, optionally thermally or by UV activation, heated to an elevated 
temperature, preferably 60°C to 80°C to enhance additionally by thermal 
stretching the strains responsible for the deformation of the polymer 
macromolecules. The intense, highly homogeneous UV light, which is 
preferably provided by a 300-1000 W light source predominantly in the UV A 
spectral domain, triggers the process of the final polymerization of the 
prepolymer mass that is accomplished in some ten seconds. During the very 
polymerization process the temperature of the polymer layer may begin to 
decrease, so that the final cross-linking occurs in the more or less cool 
material. The cross-polymerization permanently freezes the molecules in the 
deformed state, which is of the utmost importance for a long-term and 
thermal stability of the birefringent polymer films manufactured in such a 
manner. Identically as in Example a), the rigid boundary plates are optionally 
removed, and the obtained optically negatively birefringent polymer layer 
may be utilized as an autonomous, optically negatively birefringent element 
in various applications. In superior articles, for example in protective welding 
filters, which are predominantly multi-layer laminates made of different 
layers, such as infrared light reflectors, polarization films and the like, the 
boundary layers may be provided by the individual elements of such an 
optical assembly. The above-described polymer layer functions as an optical 
angular compensation layer for the homeotropically oriented LC molecules, 
as well as simultaneously as a bonding layer and an optical contact. 
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Optionally the polymer mass is in the first stage illuminated at the margins 
only of the polymer layers, outside the usable, namely is the viewing area of 
the later optically negatively birefringent compensation layer. The 
polymerization or the illumination with UV light respectively, is interrupted as 
soon as the hardness of the material in the illuminated region increases to 
the point, at which the polymerized areas function as soft spacers. 

The processes for the manufacture of the polymer compensation layer for 
LC optical shutters having the optical axis perpendicular to its surface plane, 
are characterized in: 

- that the monomer or prepolymer mass is poured on a rigid boundary 
surface, and the polymerization of the prepolymer mass proceeds in contact 
with at least one rigid boundary surface; 

- that the monomer or prepolymer mass is poured between two rigid 
boundary surfaces separated by soft spacers, which are deformed under 
pressure, in such a way that the polymerization of the prepolymer proceeds 
m contact with the two rigid boundary surfaces; 

- that the monomer or prepolymer mass is poured between the two rigid 
surfaces divided by hard spacers, and the polymerization of the prepolymer 
mass in contact with the two rigid boundary surfaces proceeds at first only to 
the level, at which the viscosity of the mass is increased to the point at which 
.t does not leak out, whereupon the hard spacers are removed and the 
polymerization process proceeds to the end. 

The expression "poured" is to be understood in the broadest interpretation 
wh,ch means that there may in fact be poured on a rigid boundary surface or 
sandwiched, with the aid of the surface tension effect, between two rigid 
boundary surfaces, or poured on one rigid boundary surface, and the other 
ng.d boundary surface is applied to the layer after the pouring. 

The polymerization process is either thermally or UV activated, and is 
operated at elevated temperature, which is at least somewhat lower than the 
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glass phase transition of the polymer. In most cases the attained optical 
birefringence of the polymer layer may be optionally decreased in a suitable, 
controlled way. by means of reheating the polymer layer in the vicinity of the 
glass phase transition of the polymer. The polymerization is at least at the 
beginning activated by means of UV light. The activation with the UV light 6 
proceeds optionally in two stages, so that in the first stage, when the 
thickness of the layer is determined by the hard spacers 5. it proceeds to the 
level only, at which the increased viscosity stabilizes the thickness of the 
layer 3 to the point at which the hard spacers are removable, and so the next 
phase of the UV-activation enables the operation of the polymerization 
without the generation of strains in the direction perpendicular to the 
compensation layer 3. 

B. The construction of an angularly com pp nsated LCD n pti^i ch„Hor 

The process for manufacturing an optically negatively birefringent layer 
according to this invention enables an entirely novel constructional solution 
of manufacturing angularly compensated optical LC light shutters. Such a 
layer performs the basic function of compensating for the angular 
dependence of the optically positive birefringence of the homeotropically 
oriented layer of the liquid crystal, as well as the bonding of the 
subcomponents into a mechanically and optically uniform assembly, and 
further ensures the optical contact, which is not feasible by any of the prior 
art technical solutions. 



The construction according to this invention is performed in such a manner, 
that one or both polarizers, which in conjunction with the LC cell form the 
optical shutter, are not directly laminated to the LC cell, but to one of the 
outer protecting layers, for example to a glass or IR/UV filter, and 
subsequently, by means of the optically negatively birefringent polymer layer 
combined according to the invention with the LC cell into a mechanically and 
optically uniform assembly. 
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In general, two concepts for the optical compensation of the LC light shutters 
are involved. 

a. The compensation of the angular dependence of the optically positive 
birefringence in a homeotropically oriented LC layer in a LC cell. 

b. The compensation of the angular dependence of the optionally positive 
birefringence in a homeotropically oriented LC layer in a LC cell, as well as 
the angular dependence of polarizers crossed perpendicularly to each other 
and forming in conjunction with the LC cell an LC optical shutter. 

Ad a. In most cases, the compensating for the angular dependence of the 
optically positively birefringence of the homeotropically oriented liquid crystal 
layer in the LC cell 13. fulfils the technical requirements in a completely 
sufficient manner, and thus the construction of such a LC optical shutter 
represented in FIG. 4, is simplified. Inasmuch as the outer layers of the 
polarization film may withstand the mechanical pressure in the x,y plane of 
the polarization filter, generated during the above-described polymerization 
process (according to the working Examples Aa and Ab) of the optically 
negatively birefringent layer 3, the preferred and most appropriate 
construction is at first the bonding, by means of a standard isotropic 
adhesive 17, of the polarizer 15 with one of the outer protective layers 
corresponding to the boundary surfaces 2, such as glass, and a LC cell 13, 
the polarizer/analyzer 12 and the IR/UV reflector 11, to yield two autonomous 
assemblies. The obtained components of the LC shutter are combined in 
accordance with the above-described process into a unity by means of 
bonding with an appropriate polymer layer 3. such as a polyurethane-epoxy 
copolymer with an UV light activator. Such a construction of the optical 
shutter is represented in FIG. 4a. 

The conditions in the manufacture of the shutter should be strictly controlled, 
in conformance with the described process of manufacturing the optically 
negatively birefringent polymer layer, in respect of the working Examples Aa 
and Ab, as well as in respect of the mechanical construction, which has to 
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secure a strictly defined and controlled thickness of the layer, for example 
300 urn. as well as the polymerization conditions: temperature profile, UV 
light illumination procedure, so that the optically negative birefringence is 
induced in the polymer layer 3 during the polymerization. The appropriate 
performance of the whole process, that is with soft spacers or the multi-stage 
polymerization enables the perpendicular orientation of the principal axis of 
the refractive index tensor with respect to the layer. If simultaneously its 
optical thickness is such, that the integral optical thickness, that is the 
multiplication product of the birefringence and the thickness of the layer 
(Anpdymer x dp^r). of this layer and the optical thickness of the two 
polarization filters, which themselves exhibit slightly optically negatively 
b.refnngent characteristics, is equal to the optical thickness of the 
homeotropically oriented liquid crystal layer, that is the multiplication product 
of the birefringence and the thickness of the layer (An LC x d LC ), the 
requirement for the compensation of the angular dependence of the 
contrast/attenuation of the LC shutter is fulfilled. In addition to this basic 
function the said layer also combines the two subcomponents into a 
mechanically and optically uniform assembly, and ensures the optical 
contact. 



If the outer layers of the polarization filters do not withstand the mechanical 
pressure in the x-y plane of the polarization filter, generated during the 
above-described polymerization of the optically negatively birefringent layer 
the preferred and most suitable construction is represented in FIG 4b In this 
case the optically negatively birefringent compensation polymer layer 3 is 
formed between one of the surfaces of the LC cell 13, and an additional 
preferably glass plate 18, which is an effective protection for the 
polanzer/analyzer 15. This manufactured assembly consisting of the LC cell 
13 and the optically negatively birefringent polymer layer 3, sandwiched 
between one of the outer glasses of the LC cell 13 and the additional 
preferably glass plate 18, is laminated on both outer surfaces with the 
crossed polarizers 12 and 15 by means of a standard isotropic adhesive 17 
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such as a silicone gel and the like. This optical shutter exhibits significantly 
improved characteristics in comparison with a standard LC optical shutter. 

It is understood, that it is optionally possible to combine the two polarizers 
with the LC cell by means of the optically negatively birefringent polymer 
compensation layer in conformance with the invention, instead of the 
standard optically isotropic adhesive. In this case, however, the sum of the 
opttcal thicknesses of the two polymer layers and the optical thickness of the 
two polarization filters, which themselves exhibit slightly optically negatively 
birefnngent characteristics, has to be equal to the optical thickness of the 
homeotropically oriented liquid crystal layer, that is the mulliplication product 
of the birefringence and the thickness of the layer <An LC x d LC >- the 
requirement for the compensation of the angular dependence of the 
contrast/attenuation of the LC shutter is thus fulfilled. 

Ad b. The constructions of the angularly compensated LC optical shutter 
descnbed in the working Example a), solve exclusively the problem of the 
angle-dependent birefringence of the layers of homeotropically oriented LC 
molecules. They do not. however, solve the problem of the angular 
dependence of the crossed polarizers themselves, which are the 
components of any LC electro-optical shutter element operating on the 
pnnciple of electrically controlled optical birefringence. The utilization of an 
optically negatively birefringent layer, that is the object of the claimed 
invention, enables the optimal constructional embodiment, and at the same 
time ensures the angular compensation of the birefringence of the 
homeotropically oriented LC molecules, as well as the compensation of the 
angular compensation of the crossed polarizers with the use of an additional 
W4 plate. Since the optical retardation layers are significantly dependent on 
the wavelenght of the light, is an ideal example for the utilization of the 
above-mentioned angular compensation principle the protective welding filter 
requiring for the supplementary eye protection from UV and IR light an 
additional filter for the yellow-green light of the wavelenght approximately 
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550 nm. FIG. 5 depicts the construction of such a shutter, which is a multi 
layer lammale. It is composed of: a thin-layer IR/UV «| te r 1 1 that at the same 
tan. ensures the protection from the hanging IR and UV light, as well as the 
selective transmittance of the light having a wavelengh, of 550 nm 
corresponding to the XJA plate, of two crossed polarizers 12. 15 and a LC 
cell 13 tn the closed state with homeotropically oriented molecules, exhibiting 
an opbca, birefringence *n LC and having a thickness d Lc . a polymer layer 3 of 
a thrckness (L) exhibiting an optically negative birefringence an. and having 
an optical axis directed perpendicularly ,o the layer itself, a M plate 19 tor 
the tight of a wavelengh. of 550 nm. exhibiting an optically positive optica, 
b.refnngence. ,he slow axis of which is parallel to Ihe polarization 
transmtssion axis of the polarizer/analyzer 15 and the protective glass 

IT f IT" ^ ' ha ' ° P,iCal ' hiCkneSS <"* * " ° f < he 

2 T, T T" 9en> polymer ,ayer 3 in ,his 0356 does "°' *«* >° 

he op„ca, thtckness of Ihe liquid crystal .ayer. as in the working Example Ba 
«n this case i, has to be secured, that the thickness (L) o, the optically 
nega vely birefringent tayer 3 of the optica, adhesive layer in conjunction 
wtth the neganve birefringence of ,he two polarizers is such, that the 
difference of the refractive indices for the ordinary and the extraordinary rays 
(Anj ,s such. that the difference of Ihe optica, paths for the ordinary and the 
extraordinanr rays (An L x L) is smaller than ,he difference of the optica, paths 
or the ordinary and the extraordinary rays in the LC eel, 13 with 
homeotropically orien.ed molecules ( A n LC x d LC ). In such a way ihe optically 
uncompensated part o, the LC layer ,3 operates as an optically positively 
btrefnngen. plate. the optice. axis of which is perpendicular to the axis of the 
A/4 plate 19. while the difference of the optica, paths in this pad of the layer 
* such that together with the «4 plate 19 i, ensures the angular 
compensation of the two polarizers 12.15 of the LC light shutter 
The preferred constructions are as follows: 

- At least one of the polarizers 12.15 is laminated wilh an isotropic 
contact adhesive to the outside protective plate 2 of the light shutter instead 
of d,rec„y to the LC cell, so tha, there is a poiymer layer 3 between a, leas, 
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one of the polarizers 12,15, and between at least one of the boundary 
surfaces of the LC shutter. According to this invention, the polymerization is 
performed in such a manner that the polymer performs the function of 
combining the subcomponents of the LC shutter into a functional unity, while 
at the same time ensuring the angular compensation of the LC shutter in the 
state, in which the molecules are homeotropically oriented with respect to the 
boundary surfaces of the LC shutter. 

- The optically negatively birefringent polymer layer 3 is deposited on 
one of the boundary surfaces of the LC cell 3, so that said polymer layer is 
sandwiched between the surface of the LC cell 13 and the rigid transparent, 
preferably glass plate 18. Two crossed polarizers 12. 15 are laminated with 
an isotropic optical adhesive 17 on each of the boundary surfaces of such 
assembly, and the protective outer glass plate 2 and an IR/UV filter 11 are 
laminated to these polarizers by means of an isotropic optical adhesive 17 as 
well. 

- The construction of a LC light shutter with the use of an optically 
negatively birefringent polymer adhesive layer 3, optionally comprising an 
additional optically negatively birefringent layer between the polarizer and the 
LC cell. The thickness of the layer 3 corresponds to the requirement for the 
X/4 plate 19, the slow axis of which is parallel to the polarization 
(transmittance) axis of the polarizer/analyzer 15, wherein the thickness (L) of 
the optically negatively birefringent polymer adhesive layer 3 is such, that the 
difference between the refractive indices for the ordinary and the 
extraordinary rays (An) is such, that the difference of the optical paths for the 
ordinary and the extraordinary rays (An L x L) is smaller than the difference of 
the optical paths for the ordinary and the extraordinary rays in the LC cell 
with homeotropically oriented molecules (An LC x d LC ). Thus the optically 
negatively birefringent polymer adhesive layer 3. the optically negative 
birefringence of the polarizer 12, and the optically uncompensated part of the 
LC layer in the LC cell 13 operate as a optically positively birefringent plate, 
the optical axis of which is perpendicular to the axis of the X/4 plate 1 9. while 
the difference of the optical paths in this part of the layer is such that in 
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conjunction with the XJ4 ptate 19 it ensures the angular compensation of the 
two crossed polarizers in the LC light shutter. 

- The construction of a LC light shutter with the use of an optically 
negatively birefringen, polymer adhesive layer 3. and as alternative optionally 
an add,tional optically negatively birefringent .ayer sandwiched between the 
polarizer and the LC cell, the thickness of which corresponds to the 
requirement for the A/4 plate 19. the fas. axis of which is parallel to the 
polarization axis of the polarizer/analyzer 15. The thickness (L, of the 
optically negatively birefringen. polymer adhesive layer 3 is such. .ha. the 
d,fference of the optical paths for the ordinary and the exfraordinary rays 
(Ah, x L) is greater than the difference of the optical paths for the ordinary 
and Ihe exfraordinary rays in the LC cell 13 with homeofropically oriented 
molecules (An LC x d LC ). in such a manner that with the LC layer and the 
optically negative birefringence of the polarizer 12. tne oplica||y 
uncompensated part of .he optically negafrvely birefringen, polymer adhesive 
layer 3 operates as an optically negatively birefringen. plate, .he optica! axis 
of wh,ch is perpendicular to the axis of the M plate 19. while the difference 
of «he optica, paths in mis part of the layer is such tha, in conjunction with the 
m plate 19 i, ensures the angular compensation of .he crossed polarizers 
12,15 in the LC light shutter. 

I. should be emphasized, ,ha. the described Examples represent only a few 
feas,b,e working embodimems Qf (he da . med jnven(jon 

medications and variations can be made within the scope of this invention 
such as ,he utilization of a W plate exhibiting an ' 
b,refnngence. the employment of an additional glass plate. which 
mechan,ca„y separates/protects the polarizer and the m pla.e respeCively 
-on, .he oplically negatively birefringen. polymer compensation layer and 



